SUMMARY. Various amino acids and ribose were incubated in vitro to establish a simple and progressive glycation model in vitro. Ribose was most reactive with histidine, arginine, glutamine, lysine and glycine in this order. These amino acids were incubated with ribose and organic germanium compounds (Ge-132, and 385), and fluorescent intensity was monitored on day 15. Arginine was dose-dependently most sensitive to Ge-132. No change in decrease in ribose could be detected in the reaction mixture. The formation of unknown substances appeared to be suppressed when arginine, ribose, and Ge-132 were mixed together at the start of the reaction. When a Ge-compound was added to the ready made Amadori rearranged substance consisting of arginine and ribose, the effect of the reagents appeared to suppress increase in unknown substances and decreases in the Amadori rearranged substance. To elucidate the mode of action of Ge-compounds in the Maillard reaction, the mixture of glucose and Ge-132 was analyzed by a NMR, and it was clarified that Ge-132 could combine oxygens of glucose at 1 and 2 carbon sites, making glucose and Ge-132 complex. This reaction may thus be concluded to be inhibition of AGE formation from ARS.
INTRODUCTION
The mode of action of organic germanium compounds in the suppression of the Maillard reaction was previously reported, i.e., the suppression and reverse solubilization of AGE in in vitro and in vivo (3, 4) . The present study was conducted to clarify in greater detail the mode of action of Ge-compounds in the simplest reactions involving amino acids and ribose. The actual mode of action of such drugs in our body should be determined on the basis of the many experimental data obtained by in vivo observation after carrying out as many analytical in vitro experiments as possible. In the previous study, fructose-p-toluidine was used as a model substance of Maillard products (AGE). Ge-compounds were concluded capable of separating the model substance into toluidine and glueosone through the decarbonylation reaction (4) . In this study, ribosyl arginine was mainly used to determine the mode of action of Ge-compounds in the Maillard reaction. The present data obtained by NMR analysis provide an evidence for possible mechanisms in suppressing AGEformation by making Ge-132:glucose complex at the special carbon sites of glucose molecule.
MATERIALS AND METHODS

Amino acids, reagents and experimental procedures
Special grade amino acids and sugars (galactose, ribose, glucose, and mannose) were purchased from Wako Pure Chem. Co., Osaka. Organic germanium compounds Ge-132 |Bis(2-caiboxyethylgermanium)trioxide], Ge-385 [Bis(2-amino-2-carboxyethylgermanium) trioxide] (Asai Germanium Research Institute, Komae, Tokyo, 201 Japan) (4) and reagents were dissolved in 50 mM phosphate buffer, pH 7.4, and distributed into tubes. Amino acids and sugars were adjusted to 50 mM, and sodium azide, at 3 mM. Fluorescent intensity at Ext:350 nm and Emt,:440 nm was monitored by a fluorospectrophotometer (type 850, Hitachi Electric Co., Tokyo).
Isolation of Amadori rearranged substance (ARS) consisting of arginine and ribose
Ribose 20 mg and arginine 20 mg were suspended in methanol 10 ml at 60-70 °C with rotation in a water bath for 15 min. Acetic acid 0.3 ml was added and the system was further incubated for 10 min. The solution was concentrated under reduced pressure, adding a small amount of water to eliminate the acetic acid. Finally, ARS was dissolved in 1.0 ml distilled water and applied onto an HPLC column (Develosil ODS-10 column, 2.0 mm in diameter χ 25 cm in length, Tosoh Co., Tokyo) elutecl by 50 mM ammonium formate, 5 ml/ml. Monitoring was conducted at 210 nm. The isolated fraction was lyophilized and stored in a refrigerator.
Quantification of ribose present in the reaction mixture.
To assess the progress of the Maillard reaction, ribose in the reaction mixture was quantified by orcinol reactions following the usual procedure (3). Briefly, sample 2 ml and 2 ml of 0.1% FeCU-HCl solution were mixed, followed by adding 0.2 ml of 10 % orcinol in FIGURE 2 : Effects of Ge-132 on the glycation of various amino acids by ribose. Amino acids and ribose both at 50 mM and 3 mM sodium azicle were mixed in a tube, followed by 5 or 10 mM Ge-132. Incubation was conducted at 37 C for 15 days and analysis of fluorescent intensity was made using a fluorospectrophotometer at wavelengths of Ext.350 nm and Emt.440nm.
ethanol. The reaction mixture was incubated in boiling water for 20 min , followed by immediate cooling in an ice-water bath. Absorbance at 660 nm was measured by ä spectrophotometer.
Effects of Ge-compounds on ARS Lyophilized ARS 40mg was suspended in a 0.1 Μ phosphate buffer, pH7.4, mixed with the same volume of Ge-compounds in the same phosphate buffer and incubated at 37 "Cfor 24 hours. 100 ul of sample were taken from the tubes, and analyzed by HPLC (Develosil ODS-5, 4.6 mm in diameter χ 25 cm in length). Elution was done with 50 mM ammonium formate, at 0.5 ml/min while monitoring at UV 210 nm. All samples forwhich analysis was not immediately possible were temporarily stored in a freezer at -20 "C.
NMR-analysis of the interaction between glucose and Ge-132.
NMR spectra on the interaction of glucose and Ge-132 were recorded in D 2 0 under the physiological condition by Varian Gemini type 300 NMR (Philadelphia, NJ). To certify the reaction specificity between glucose and Ge-132, synthetic glucofuranose-derivatives, of which hydroxyl radicals at 3,5 or 3,6 sites were protected, were prepared to compare the NMR spectra obtained from glucose and Ge-132. 
RESULTS
Glycation of amino acids by ribose.
Ribose was a very reactive sugar in the Maillard reaction (1,2). Sixteen amino acids and ribose were examined for reactivity by fluorescent intensity. As shown in Figure 1 , glutamine, histidine and arginine were most reactive against ribose followed by lysine and glycine. These amino acids were incubated with 5 or 10 mM Ge-132 for 15 days, and evaluated for fluorescent intensity using a fluorospectrometer. As shown in Figure 2 , glycine, arginine and glutamine were the most sensitive to Ge-132. Consequently, there was less fluorescent intensity on day 15. Residual ribose in the reaction mixture was measured and its amount was found the same as that shown in Table  I . The effects of Ge-compounds on Maillard reaction between arginine and ribose were examined using a Develosil column as shown in Figure 3 . Though ARS in Ge-treated groups appeared higher than in the control group, peak hights of unknown substance (corresponding to advanced glycation endproducts: AGE) were suppressed by Gecompounds. It was of particular interest that Ge-385 induced decrease in the unknown substance on clay 18. Decrease in arginine occurred somewhat more quickly in Ge-treated groups than in the control. The reaction ofAmadori rearrangement is thus shown to proceed even when Ge-compounds were present in the mixture. The Maillard reaction toward AGE could subsequently be suppressed by these Ge-compounds. FIGURE 4 : Effects of Ge-132 and 385 on the ready made Amadori rearranged substance (ARS) were examined using a Develosil ODS-5 column while monitoring the amounts of ARS, the unknown substances and arginine. ARS made from arginine and ribose purified by the Develosil ODS-10 column was used.
FIGURE 5 : NMR profile of glucose and Ge-132. Interaction between organic germanium compound (Ge-132) and glucose was analyzed by nuclear magnetic resonance (NMR, Varian, Gemini 300). Upper spectrum was taken from the mixture of Glucose and Ge-132, and lower shows the spectrum conducted by D-glucofuranurono-6,3-lact.one of which hydroxyl residues at 3,6-carbon sites were protected as described in the Figure. Effects of Ge-compounds on ready made ARS. Ready-made ARS consisting of argininc and ribose was incubated with Ge-132 or 385, and analyzed by HPLC during incubation. The results were shown in Figure 4 . Without a Gecompound, decrease in ARS and increase in unknown substance were reversed. When Ge-132 or 385 was mixed with ARS, decrease in ARS was very slow and the peak of an unknown substance did not appear until 24 hour, showing progress toward AGE from ARS to have been inhibited. In these Ge-treated groups, free arginine increased gradually, showing the separation of AGE to be reversed to arginine. In the control, increase in free arginine continued tobe quite remarkable for 6 hours. This was followed by a slow steady decrease. Usually, auto-oxidation of ARS leads to the separation of ARS into component material amino acids and glucosone. This may possibly be the reason for the increase in free arginine when ARS is incubated without a Ge-compound.
NMR analysis of glucose and Ge-132 complex. It is agreed that glucose is an equilibrium mixture of cyclic a and b-anomerichemiacetals and of the open chain aldehydic form. Namely, it is considered that glucopyranose and glucofuranose make the circular hemiacetal form, and show the mutual transformation between a and b-anomer. In this experiment, Ge-132 and glucose were mixed and analyzed by Ή-NMR. A new signal corresponding to methine proton of hemiacetal at 5.68 ppm was observed, showingthe formation of thecomplex between glucose Cl-H and Ge-132 resulting from the conjugate between hydroxyl residues of glucose at the sites 1 & 2. However, it was doubted whether this complex might consist from glucopyranose or glucofuranose. Then, we synthesized two derivatives of glucofuranose of which hydroxyl residues at 3, 5 and 3, 6 were protected; 3,5-O-isopropyricleneglucose and D-glucofurano-6,3-lactone, and analyzed by NMR, after mixing with Ge-132. We observed completely identical NMR spectra as shown in Figure 5 . It was concluded that glucose has lost two oxygen atoms that, combined with an oxygen atom of the Ge-compounds, and finally gave water. Thus, this compound may inhibit the progress of the Maillard reaction after Amadori rearrangement, and also may produce reversible solubilization of AGE, reacting with carbonyl residues on AGE.
DISCUSSION
The Maillard reaction in the human body has been proposed as the main cause of clinical complications in patients with diabetes mellitus (DM), leading to arteriosclerosis, abnormal neuronal excitation, retinopathy, cataracts, aging and the like. A drug effective for the prevention and reversible solubilization of AGE would surely be ideal for treating DM Previously, fructose-p-toluidine served as the model ARS to examine the effects of organic germanium compounds. Reversible solubilization induced by Ge-132 and 385 in in vitro and invivowas clearly evident. It was found that cataract lens in senescence-accelerated mouse (SAM) could be made reversibly transparent (4) . The inhibitory effects of Ge-compounds for converting ARS to the unknown substance or AGE were observed by HPLC. The reversible dissociation of ARS into arginine and glucosone was evident from measurement of increase in free arginine. These findings are essentially the same as in the previous papers (3, 4) and show the mode of action of organic germanium compounds to consist basically of two reactions: the prevention of ARS conversion toAGEand the reversible dissociation of ARS or AGE into arginine and glucosone. In the present study, the interaction of glucose and Ge-132 was elucidated by NMR, showing the formation of two oxygen-germanium bonds at hydrox)d moietiies of carbon sites 1&2 of glucose. This finding may provide clarifications of the mode of action of Ge-132 in DM treatment, through a reaction with glucose and so preventing the Maillard reaction appearing in the human body. Ideally, the NMR analysis of the interaction of organic germanium and ARS or AGE should be conducted to clarify the real mode of action of the reagent. However, it is absolutely difficult to get conformationally stable and homogeneous ARS or AGE. These substances are mixtures of transforming intermediates, equilibrating certain unknown substances towards AGE. Thus, it is theoretically impossible to apply such a AGE substance to provide ideal NMR analysis. The present finding is sufficiently indicative for understanding the mode of action of Ge-132 in the Maillard reaction by using the C-l and C-2 sites on glucose.
